Beam position detection equipment often employs circuits that convert amplitude-modulated position signals to phase modulation. These signals are limited to remove amplitude rirriations and phase detected to obtain analog position information. The phase-modulated signals are clipped by limiters that must be closely phase matched in pairs over the signal intensity range of interest. Accuracy and dynamic range are determined principally by the phase match between the limiters. When the time duration of the bcam is a few microseconds or more, significant improvements can be obtained by down-converting the R F signals to an intermediate frequency near 10 MHz. Limiter circuits are available that can be closely matched in pairs at 10 MHz over a 60-dB signal amplitude range. For example, the peak phase deviation measured among 30 matched pairs was <0.4", corresponding to a phase tracking error of <0.1 dB. This exceptional matching enabled beam position measurements over a 50-dB dynamic range of signal intensity. A description of the detection technique and the limiter is given by this paper. The output from tlie A-channel mixer can be expressed as while the output from the B-channcl mixer is 
I n t r o d u c t i o n
Beam-position detection equipment frequently employs circuits that convert amplitude-modulated (ARI) position signals to phase modulation (I' M) using an AM/I'M convcrter. The output from tlie A-channel mixer can be expressed as while the output from the B-channcl mixer is A plot of this quantity is shown in Fig. 3 . For beam positioiis near the center of the chanilel, the curve is relatively linear. Because this technique employs ratio detection, the phase angle is independent of the beam intensity over several decades of beam current.
Limiters
The phase-modulated signals are clipped by limiters that must be closely phase-matched in pairs over the sigr.al intensity range of interest. Accuracy and dynamic range are determined principally by the phase match between the limiters. If the position detection circuits are operated near 10 MHz, comparators are available to serve as limiters that can be closely phase matched ovcr a 60-dB dynamic range. In particular, the SP9685 comparator is an excellent choice for this application. Figure 4 shows a limiter circuit that uses this comparator. In Fig. 5 , the peak phase deviation for 30 matched pairs of SP9685 limiters is shown. The worst case match was 1.6" and the majority were within 0.4" over the 60-dB dynamic range. A differential change of 1 dB in signal intensity produces 6.6" of phase change in the AM/PM converter output. Thus, the limiter phase-tracking error was less than 0.1 dB.
Referring to Fig. 1 again, the two output signals from the limiters are applied to a double-balanced mixer that functions as a phase detector. An exclusive OR-circuit could also perform this function. The output is filtered and amplified to produce the analog position signal. 
